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Abstract: Subdural empyema is caused by various pathogens. The most typical clinical presentation may include fever, headache,
seizures, and altered consciousness. However, Salmonella infections are relatively rare. Representative features of Sa/monella infection
include fever and gastrointestinal symptoms such as diarrhea, vomiting, and abdominal cramping pain. Extra-gastrointestinal invasion
of Salmonella in the central nervous system is unusual. We present the case of an afebrile 58-year-old male who presented with
a headache and a progressive dull response for a week. He had a closed head injury approximately 1 week before this visit. A tentative
diagnosis led to a subdural hematoma (SDH), and he underwent urgent burr hole surgery. Intraoperative findings showed a large
amount of brown-yellow pus in the subdural space instead of the pathognomonic bloody serosanguinous or thick motor oil, which is
typical of SDH. The intraoperative culture yielded Salmonella group DI1. After initial brain surgery and 52 days of effective
intravenous administration of a third-generation cephalosporin (Ceftriaxone 2000 mg per day), the patient recovered fully without
neurological deficits. His consciousness and mentality remained normal without focal weakness of the limbs for over 5 years of
follow-up. This is a unique case with an atypical initial presentation that leads to a final unexpected diagnosis. Ongoing treatment
strategies include a combination of surgical drainage for disease confirmation and appropriate medical antibiotics.
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Background

Subdural empyema (SDE) refers to the abscess collection between the dura mater and the arachnoid space. It usually
occurs secondary to sinusitis, otitis media, or upper respiratory tract infection. In addition to generalized underlying
symptoms, specific symptoms may consist of disturbed consciousness and/or other focal neurological deficits." Typical
symptoms of SDE include fever, headache, seizures, and altered consciousness.? Otolaryngologic infections were found
in 40-80% of patients with SDE, particularly sinusitis.” Meanwhile, up to one-fifth of these patients occur due to head
injuries or brain surgeries.* Common pathogens of SDE are Streptococcus pneumoniae, Staphylococcus aureus, and
Haemophilus influenzae.’

The transmission pathway of Sa/monella occurs via the fecal-oral route. Ingestion of raw or undercooked foods can
cause Salmonella infections. The typical presentations of salmonellosis include fever, diarrhea, vomiting, and abdominal
cramping pain. Extra-gastrointestinal invasion of Salmonella into the central nervous system (CNS) is uncommon.
According to the latest nomenclature system of the World Health Organization, Salmonella is categorized as Salmonella
bongori and Salmonella enterica.® There are some further subspecies of Salmonella enterica as follows: I-enterica, 11-
salamae, Wlla-arizonae, 1l1lb-diarizonae, IV-hountenae, and Vl-indica, respectively.° The most common subspecies is
I-enterica. Furthermore, Salmonella group D is one of the “serovars” of [-enterica. After reviewing the current literature,
only 11 cases of Sa/monella group D SDE have been reported worldwide since 1986 (Table 1). We report an exceptional
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Table | Summary of Reported Cases of Salmonella Group D Subdural Empyema

Publication | Age (years)/ | Year/Author Risk Factor Symptoms Causative Surgery
Gender Organism
| 0.5/Male 1998/K C Jain Young age Fever, vomiting, increasing head size | Salmonella typhi | Burr hole
et al®
2 0.8~56/All five | 2002/ Patients enrolled Fever, seizure, weakness, impaired Salmonella typhi | Burr hole
patients were A K Mahapatra | from third world cognition, papilledema, increasing Salmonella
male etal?! head size group D
3 37/Male 1997/L Aliaga Human Fever, headache Salmonella Craniotomy
et al?? immunodeficiency enteritidis
virus
4 49/Male 1986/L Lung squamous Fever, weakness, homonymous Salmonella Craniotomy
Grosinger cell carcinoma hemianopsia dublin
etal”
5 63/Female 1995/P | Parker | Human Fever, weakness, impaired cognition, | Salmonella Craniotomy
et al** immunodeficiency | weight loss, diarrhea dublin
virus
6 64/Male 1998/M Kan Myelodysplastic Fever, seizure, impaired cognition, Salmonella Burr hole
etal® syndrome anisocoria enteritidis Craniotomy
7 66/Male 2000/ Patient enrolled Fever, headache, weakness, seizure, | Salmonella Burr hole
M ] Chandy?® from third world impaired cognition, papilledema group D

case of frequent nonhygienic sashimi consumption, initially misinterpreted as subdural hematoma (SDH). Intraoperative
culture led to the final diagnosis of Sa/monella group D1 SDE.

Case Presentation

A 58-year-old male suffered from a gradual headache. He experienced progressive confusion (Glasgow Coma Scale [GCS]
score: E4V4M6) with a slow response. Subsequently, the patient was brought to the emergency department. Vomiting
episodes were also observed. He had a history of closed head injury approximately 1 week ago and his four limbs were
moving freely. No known immunocompromising factors exist. The patient had no history of rhinitis, sinusitis, or otitis media
before the insult. However, he had a low socioeconomic status and poor housing hygiene. He had consumed unsanitary and
uncooked seafood and suffered from trivial recurrent gastrointestinal discomfort in the past few months. All vital signs,
including body temperature, were normal. Blood examination showed a slight elevation in white blood cell count (10.33 x 10°
/uL). Urgent computed tomography (CT) showed massive hypodense right convexity subdural fluid collection with a midline
shift (Figure 1A). Under the working diagnosis of SDH with a significant mass effect, he underwent urgent burr hole drainage.
During surgery, a large amount of brown-yellow pus was grossly inspected in the subdural space instead of pathognomonic
bloody serosanguinous or thick motor oil, representing SDH (Figure 2). Microscopically, the specimen consisted of numerous
neutrophils with abundant background amorphous necrotic material, compatible with a pus/abscess (Figure 3). Surprisingly,
neither schistocytes nor red blood cells were present. Due to the frank pus observed by the surgeon, the level of C-reactive
protein was elevated (11.35 mg/dL). Empirical broad-spectrum intravenous antibiotics were administered postoperatively for
4 days (Vancomycin 1000 mg per 12 h and Flomoxef 1000 mg per 8 h), routinely applied clinically as intracranial doses aimed
at treating CNS infection.

Following the surgical procedure, the GCS score decreased to E2V2M5-6 over the next 4 days. Simultaneously, he
experienced dense left hemiparesis with a decrease in muscle power down to 0—1 point, which should be the natural
course of Salmonella SDE. In 2011, Chen et al reported 17 cases of Salmonella SDE, in which increased intracranial
pressure, seizures, and limb paralysis were present in 47% of the patients.” A gadolinium-enhanced magnetic resonance
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Figure | Neuroimaging studies of a 58-year-old male patient with Salmonella subdural empyema. (A) Axial computed tomography showing massive right convexity subdural
fluid collection (white arrows) with midline shift at emergency department. (B) Axial Tl-weighted magnetic resonance imaging showing thick residual subdural fluid
collection (white arrows) with rim enhancement 4 days postoperatively. (C) Axial T |-weighted magnetic resonance imaging showing significantly reduced subdural empyema
(white arrows) with improved midline shift before discharge. (D) Axial T |-weighted magnetic resonance imaging showing vanishing subdural empyema without midline shift
after more than 5 years follow-up.

Figure 2 Intraoperative burr hole drainage gross photograph showing large amount of brown-yellow pus in subdural space.

(MR) imaging revealed thick residual subdural fluid collection with midline shift. It showed iso-to-low T1-weighted
images with rim enhancement under contrast and high T2-weighted images that were consistent with SDE (Figure 1B).
Subsequent culture of the specimen revealed Salmonella group D1, which was sensitive to ceftriaxone. The antibiotic
was then switched to the therapeutic drug.
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Figure 3 Histopathological photomicrograph: Papanicolaou stain, magnification X200 showing numerous neutrophils with abundant background amorphous necrotic
material, compatible with pus/abscess.

Echocardiography did not reveal vegetation on the cardiac valves. Moreover, no bacterial growth was observed in the blood
culture; therefore, infection was excluded as the source of SDE. Another possible cause of SDE is periodontitis. Although this
patient had chronic periodontitis, common gingival pathogens (Aggregatibacter actinomycetemcomitans, Porphyromonas
gingivalis, and Tannerella forsythia)® are inconsistent with the findings of our final culture report. After 52 consecutive days
of effective antibiotic treatment with ceftriaxone at a dose of 2000 mg administered intravenously per day, the patient not only
fully recovered to clear consciousness (GCS: E4V5M6) but also regained strength in his left limb. On discharge, MR showed
a significant reduction in SDE with only a trivial midline shift (Figure 1C). Clinical findings revealed clear consciousness with
full muscle power for over 5 years. Another MR performed after a 5-year follow-up showed a near-normal appearance with
nonspecific findings (Figure 1D). The patient’s final outcomes showed that timely and effective antibiotic therapy not only
saved the patient from life-threatening SDE but also cured the CNS infection in long-term follow-up.

Discussion

Epidemiology

CNS infections include meningitis, ventriculitis, encephalitis, brain abscess, and subdural/epidural empyema.” Among
all, SDE is one of the life-threatening etiologies, accounting for 20% of total CNS infections.'® According to a recent
large-scale systematic review and meta-analysis, Salmonella infects approximately 535,000 people worldwide annually.''
It is unique to have Salmonella infected in the subdural space. Clinical considerations and management of Salmonella
group D1 SDE can be challenging.

Diagnosis

For infectious diseases of the CNS, early identification of intracranial infections and identification of pathogens and
pathways of infection are the main concerns. Therefore, in addition to pathogen culture and drug resistance testing to
clarify the type and nature of the pathogen, it is also important to identify possible routes of infection. SDE develops
most frequently from sinusitis, otitis media, or upper respiratory tract infections. Less frequent etiologies leading to SDE
include head injury and brain surgery.* A gut-vascular barrier prevents microbiomes passage from the gut to the blood,
while the distinct Salmonella is able to penetrate this barrier.'> To our knowledge, we postulate that our patient
experienced disseminated subdural infection through possible occult Salmonella group D1 enteric infection translocated
into the systemic bloodstream. Initial neuroimaging analysis is often contrast-enhanced CT due to its universal
convenience in general healthcare systems. However, contrast-enhanced MR is the optimal choice to evaluate SDE
due to its higher sensitivity compared to its companion CT."?
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The Rarity of Salmonella Infection in This Case
Of the uncommon Salmonella SDE reported in the past, infants and children were more prevalent. Twelve adults have
been reported in the literature, and some of them were immunocompromised, such as those with malignancies and
acquired immune deficiency syndrome. Our reported 58-year-old patient, although without any immunocompromising
factors, had a habit of consuming raw seafood in an unhygienic Japanese restaurant. In a study from Saudi Arabia, the
percentage of raw seafood Salmonella contamination is 39.9%.'* However, the incidence of Salmonella SDE is not
high."> We recommend that SDE should always be considered as a differential diagnosis in patients with atypical signs
and symptoms upon the diagnosis of SDH, not only in developing countries but also in developed ones.

Among the clinical manifestations of Salmonella SDE fever accounts for approximately 70% of cases. Other common
clinical symptoms include headache, seizures, and altered consciousness levels. Our case with a final diagnosis of
Salmonella SDE presented no fever during the course of the disease, which is a very distinct manifestation.

Treatment Options

Treatment options vary between different SDEs. Some authors recommended craniotomy as the preferred surgical
technique for SDE.'® However, in our case, the suppurative fluid collection had a runny brown-yellow content, which
can be casily drained and radically irrigated through a burr hole, which is an alternatively a successful solution for the
patient. The main purpose of burr hole drainage was decompression and obtaining the final culture report. After surgery,
we could prescribe precise antimicrobial agents to treat SDE. There was thick residual subdural fluid collection 4 days
after surgery (Figure 1B). However, after 52 days of effective antibiotic treatment, MR showed a significant reduction in
SDE with only a trivial midline shift (Figure 1C).

Furthermore, the blood-brain barrier blocks the delivery of medications to the CNS.'” Additionally, a thick wall
surrounds the SDE peripherally. Therefore, surgery not only provides an accurate diagnosis, efficiently removes and
drains the infective abscess, but also breaks the blood-brain barrier and thick wall of SDE to increase the efficacy of
systemic antibiotics significantly.'®

As shown in Table 1, all patients had good outcomes regardless of the type of surgery applied. Although craniotomy
remains the gold standard for the treatment of SDE,'® simple burr hole drainage is another decent option that is not
inferior to traditional craniotomy. Furthermore, the advantages of minimally invasive burr hole surgery include shorter
surgical time, smaller operative wounds, and less bleeding.'®

Limitations

The current study has fundamental limitations as a case report.'” Although there were good short- and long-term
outcomes following timely surgical decompression with burr hole drainage and effective antibiotic treatment, further
randomized controlled trials should be conducted to confirm the efficacy of these treatments.

Conclusions
We present the clinical course of our exceptional case with a diagnosis of an uncommon SDE that was first diagnosed as
SDH, followed by surgical and specific antibiotics, with good short- and long-term outcomes.

Salmonella SDE is a fatal condition requiring immediate recognition and prompt and correct combined management
involving surgical and medical regimens. To prevent such severe infections, it is important to maintain good personal
hygiene and avoid the consumption of unclean raw seafood.
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